We investigated the relationship between sublingual perfused capillary density (PCD) as a measure of tissue perfusion and outcome (i.e. occurrence of organ failure and mortality) in patients with cardiogenic shock from acute myocardial infarction.
Introduction
Cardiogenic shock is the most important cause of death in patients hospitalized with acute myocardial infarction. 1 Although in-hospital survival of cardiogenic shock is improving with more intensive treatment, 30-day mortality rate remains high. 2, 3 Because cardiogenic shock is caused by extensive myocardial infarction and a decrease in cardiac output, timely reperfusion and normalization of haemodynamic parameters are the main objectives in the treatment of cardiogenic shock. 4 However, it has been shown that 45%
of patients dying from cardiogenic shock have a preserved cardiac index (CI), indicating that optimization of macro-haemodynamic parameters alone may fail to save the patient. 5, 6 In line with these data, post hoc analysis of data from the SHOCK trial demonstrated that the classic notion of systemic vasoconstriction as a response to low arterial pressure did not apply to all patients with cardiogenic shock. Indeed, a large variability in CI and systemic vascular resistance (SVR) has been reported among patients with cardiogenic shock, even despite application of vasopressor therapy. 7 These data indicate that cardiogenic shock is a primarily cardiac problem leading to subsequent derangements in the entire circulatory system. 8 It is currently accepted that cardiogenic shock causes a systemic inflammatory response (SIRS), which is characterized by the release of inflammatory mediators and neurohormones as well as by alterations in tissue microvasculature, which may result in multi-organ failure. 9, 10 Indeed, several studies have reported that markers of SIRS are predictive of short-term mortality in cardiogenic shock. 11 -14 Nevertheless, the mechanisms involved in the pathogenesis of multiple organ failure in cardiogenic shock patients remain largely unknown. Possibly impaired splanchnic perfusion at the microvascular level, modulated by the severity of heart failure, by the degree of SIRS, and by the administration of vasoactive agents, plays an important role in the pathogenesis of multi-organ failure and the persistence of shock. 15, 16 Sublingual microcirculation is a surrogate marker of splanchnic perfusion and can be measured at the bedside using the novel imaging technology. 16 -18 Therefore, we investigated the relationship between sublingual microcirculation and outcome [i.e.
(change in) sequential organ failure assessment (SOFA) score, occurrence of multi-organ failure, and mortality] in patients with acute myocardial infarction complicated by cardiogenic shock.
Methods

Study design
This prospective study was conducted at the Intensive Cardiac Care Unit (ICCU) of the Thoraxcenter, Erasmus University Medical Center, Rotterdam, the Netherlands. We included patients who were admitted with acute myocardial infarction complicated by cardiogenic shock in the time period November 2007 -April 2009 ( Figure 1 ). Cardiogenic shock was defined as sustained hypotension (systolic blood pressure , 90 mmHg) induced by heart failure together with the clinical signs of hypoperfusion (i.e. cold extremities, oliguria, or altered mental state), not responsive to fluid resuscitation. 4 The institutional ethical committee approved the protocol, and written informed consent was obtained from each patient or, in the case of patients who were sedated, from a relative authorized to consent on behalf of such a patient.
Haemodynamic monitoring
All patients were monitored with a radial artery catheter (arterial cannula with FloSwitch, Ohmeda, Swindon, UK Image acquisition is particularly comfortable in patients who are sedated and intubated, whereas in patients who are awake, movement of the tongue may more easily result in movement artefacts. However, we and other investigators extensively reported the feasibility of using this device in critically ill patients in several reports albeit in research settings. 25,28 -30 In addition, Arnold et al. 30 recently compared a realtime point-of-care (POC) determination of the microcirculation to conventional off-line analysis. The POC assessment of microcirculation was 94% sensitive and 92% specific for detecting impaired microvascular flow.
Study protocol
The sublingual microcirculation was investigated as soon as possible after the patient's admission to the ICCU and after informed consent had been obtained (T0, baseline). Measurements were repeated 24 h after the first measurement or earlier, pending the individual clinical course of the patient (i.e. significant deterioration which might lead to death within 24 h). In addition, at both time points, all components of the SOFA score were calculated, with the exception of the central nervous system parameters, because the majority of the patients received central nervous system depressant drugs at the time of evaluation. 14, 31 The total SOFA score was calculated by summing the scores for each of the components (i.e. cardiac, renal, respiratory, coagulation, and liver). 
Follow-up
Vital status at 30 days was registered for all patients. In patients who were transported to other hospitals or were discharged during the 30 days following baseline measurements, vital status was acquired from municipal civil registries. The response rate was 100% and no patients were lost during 30 days of follow-up. 
Statistical analysis
Results
We investigated 68 patients with acute myocardial infarction complicated by cardiogenic shock; 47 patients had a STEMI and 21 patients had a non-STEMI ( Figure 1 , Table 2 . Baseline PCD predicted the change in the SOFA score between T0 and T1 (DSOFA; r ¼ 20.25, P ¼ 0.04).
Patients with baseline sublingual PCD . median improved more frequently in the total SOFA score (52 vs. 29%, P , 0.05) and in the cardiac SOFA subscore (61 vs. 34%, P ¼ 0.03) at 24 h, when compared with patients with sublingual impaired PCD ≤ median. Twenty-two patients (32%) died during 30 days of follow-up. All these patients died in the hospital. Of the patients who had a PCD ≤ median, 17 (49%) died vs. 5 (15%) of the patients with PCD . . ............ ............ ............ ............ ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ . 
Association between changes in PCD and outcome
In 54 patients (79%), PCD measurements were repeated (T1). In the remaining patients (n ¼ 14), PCD measurements at T1 were not possible. One patient died immediately after the first measurements, five patients were sent back to the referring hospital before T1, and in eight patients, there was no investigator available to perform the measurements. Overall, sublingual PCD tended to increase at T1 relative to T0 (10.3 + 2.2 mm mm 22 at T0 vs. 10.9 + 2.2 mm mm 22 at T1, P ¼ 0.09). At time point T0, 27% of patients had a PCD ≥ 11.7 mm mm 22 (reference value in control patients) and at T1, 43%
of patients reached reference values (T0 vs. T1, P , 0.05). Changes in sublingual PCD were inversely correlated with changes in CVP (r ¼ 20.38, P ¼ 0.009). There was a modest correlation between PCD measured at 24 h and SOFA scores at T1 (r ¼ 20.40, P ¼ 0.003). In the total study group, no significant correlation between changes in PCD and changes in SOFA score was found. However, patients who had a PCD ≤ median at both time points had higher SOFA scores at T1 relative to patients who had a sublingual PCD . median at T0 and T1 [7 (4-8) vs. 4 (3-5), P ¼ 0.03]. Survival of patients stratified to the level of PCD at both time points is shown in Figure 5 . Patients who had a PCD ≤ median at baseline, which improved at T1 ('low-high'), had a significant better prognosis when compared with patients who had a persistently low PCD ('low-low'). When patients in whom no second measurement was performed were regarded as the sicker patients (i.e. PCD T1 ≤ median), results were identical. Finally, an increase in PCD was significantly associated with a better outcome (OR: 0.73, 95% CI: 0.54-0.99).
Discussion
In this study, we demonstrated that patients with cardiogenic shock from acute myocardial infarction who had a sublingual PCD ≤ median had a higher risk to die. Baseline PCD was a significant predictor for change in the SOFA score within the next 24 h. In addition, the sublingual PCD at 24 h correlated with the SOFA score at T1. Patients with a higher baseline sublingual PCD were more likely to improve in the total SOFA score as well as in the cardiac SOFA subscore at 24 h. Furthermore, the baseline PCD was strongly and independently associated with 30-day outcome. Finally, in a large subgroup of patients in whom measurements were repeated, we demonstrated that patients who had a sublingual PCD ≤ median at baseline as well as after 24 h were at high risk of poor outcome, as opposed to those patients in whom microcirculation recovered within 24 h. In the latter patients, survival rates were similar to those of patients with PCD . median at both time points.
Using a semi-quantitative analysis technique, De Backer et al.
36
previously described sublingual microcirculatory alterations in 31 patients with cardiogenic shock. The authors reported a weak correlation of the proportion of perfused capillaries with MAP, which is in line with our findings. We also found a weak correlation between sublingual PCD and CPI. Such relative dissociation between macrocirculation (haemodynamic measurements) and microcirculation (perfusion) has been demonstrated previously. 37 Since PCD was strongly associated with 30-day outcome, monitoring of microcirculation may therefore have an additional value for risk stratification as well as for the treatment of patients with cardiogenic shock.
38 Figure 2 The Kaplan-Meier survival curve stratified according to perfused capillary density at baseline. Median perfused capillary density ¼ 10.3 mm mm 22 . Figure 3 Predictors of 30-day mortality (univariate and multivariate analyses). The multivariate logistic regression model selection was done with the backward stepwise method starting with the following variables: age . 75 years, CPI, baseline sequential organ failure assessment score, nitroglycerine, left main coronary artery occlusion, left ventricular ejection fraction , 30%, significant mitral valve regurgitation, and sublingual perfused capillary density. Variables that remained significantly associated with 30-day mortality were part of the regression equation and are presented. The multivariate model was confirmed by using the forward stepwise selection.
Impaired microcirculation predicts poor
Trzeciak et al. 39 recently demonstrated that increased sublingual microcirculatory flow during resuscitation of septic shock was associated with lower SOFA scores at 24 h. In contrast, we did not find a relationship between changes in the sublingual PCD and changes in the SOFA score between T0 and T1. Nevertheless, we demonstrated that the sublingual PCD at baseline was predictive for recovery from organ failure. In addition, patients who had a PCD ≤ median at T0 as well as at T1 had the highest SOFA scores at T1.
Hasdai et al. 40 demonstrated the predictive value of a cold, clammy skin on 30-day mortality in patients with cardiogenic shock complicating acute myocardial infarction. In addition, De Backer et al. 36 reported that the proportion of sublingual perfused capillaries, measured after hospital admission, was higher in patients who survived than in patients who did not survive (64 vs. 43%, P , 0.05). In our (larger) study, we confirmed these observations and demonstrated that in patients all having clinical signs of hypoperfusion, sublingual PCD can be used to better define the severity of cardiogenic shock and to refine the prediction of outcome.
Clinical perspectives
These findings raise the question whether sublingual PCD can be used as a therapeutic target at the bedside and, if so, whether interventions directed at improving PCD will be associated with improved outcome. We demonstrated recently that PCD can be improved by pharmacologic therapy (nitroglycerine) 25, 26 as well as by mechanical circulatory support. 29 The current study demonstrates that patients who had a low PCD at baseline which recovered at 24 h had a similar prognosis as those who had a higher PCD at both time points. Taken together, these results suggest that assessment of sublingual PCD by SDF imaging, followed by prompt interventions directed at improving microvascular perfusion, might optimize therapy in order to improve the outcome of patients with cardiogenic shock.
Limitations
Several limitations of our study need to be acknowledged. First, measurements of the pulmonary circulation by a PAC were missing in some patients when the attending clinicians were unwilling to use this monitoring device, even in a research setting. Second, PCD measurements could not be repeated in some patients. Third, we measured patients only after informed consent had been obtained. This implies that, in most cases, it consumed hours before baseline measurements could be performed. Nevertheless, our study clearly demonstrates that in these patients, already being resuscitated, sublingual PCD can be used to identify patients who are at a high risk of dying. Fourth, we used PCD as the marker of microcirculatory perfusion, a softwarederived parameter in which microvascular flow and density are combined. This parameter does not take into account the heterogeneity of perfusion, which may be increased in disease states. 41 However, the problem of heterogeneous blood flow, visualized sublingually as fields of absent or intermittent capillary blood flow, seems to be more specific for septic shock than for cardiogenic shock. 16, 36, 42, 43 Finally, since our study was an observational study, significant correlations, e.g. between baseline PCD and changes in SOFA score, do not prove causality.
Conclusions
In conclusion, impaired microcirculation, as assessed by sublingual PCD, is associated with the development of (multi-)organ failure. In addition, this parameter is an independent, strong predictor of outcome. Because of the independent and strong association with prognosis in cardiogenic shock, assessment of sublingual PCD using SDF imaging should be considered as a simple noninvasive tool to assess outcome in patients with cardiogenic shock. Whether a strategy of improving sublingual PCD will improve the survival of patients with cardiogenic shock, should preferably be tested in a future, multicentre randomized trial.
Supplementary material
Supplementary material is available at European Heart Journal online.
Conflict of interest: none declared. 
Figure 5
The Kaplan-Meier survival curve of short-term survival of cardiogenic shock patients stratified according to the sublingual perfused capillary density at baseline and after 24 h. Low-high, perfused capillary density ≤ median at T0 and perfused capillary density . median at T1; High-high, perfused capillary density . median at T0 and perfused capillary density . median at T1; High-low, perfused capillary density . median at T0 and perfused capillary density ≤ median at T1; Low-low, perfused capillary density ≤ median at T0 and perfused capillary density ≤ median at T1.
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